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ABSTRACT 

Objectives To determine whether reduced sleep is 
associated with differences in body composition and the 
risk of becoming overweight in young children. 
Design Longitudinal study with repeated annual 
measurements. 

Setting Dunedin, New Zealand. 

Participants 244 children recruited from a birth cohort 

and followed from age 3 to 7. 

Main outcome measures Body mass index (BMI), fat mass 
(kg), and fat free mass (kg) measured with bioelectrical 
impedance; dual energy x ray absorptiometry; physical 
activity and sleep duration measured with accelerometry; 
dietary intake (fruit and vegetables, non-core foods), 
television viewing, and family factors (maternal BMI and 
education, birth weight, smoking during pregnancy) 
measured with questionnaire. 

Results After adjustment for multiple confounders, each 
additional hourof sleep at ages 3-5 was associated with a 
reduction in BMI of 0.48 (95% confidence interval 0.01 to 
0.96) and a reduced risk of being overweight (BMI >85th 
centile) of 0.39 (0.24 to 0.63) at age 7. Further adjustment 
for BMI at age 3 strengthened these relations. These 
differences in BMI were explained by differences in fat 
mass index (-0.43, -0.82 to -0.03) more than by 
differences in fat free mass index (-0.21,-0.41 to -0.00). 
Conclusions Young children who do not get enough sleep 
are at increased risk of becoming overweight, even after 
adjustment for initial weight status and multiple 
confounding factors. This weight gain is a result of 
increased fat deposition in both sexes rather than 
additional accumulation of fat free mass. 

INTRODUCTION 

Despite recent data suggesting that the dramatic 
increases in overweight and obesity in children and 
adolescents seen over the past three decades have 
begun to plateau, rates remain alarmingly high. 13 Con- 
current with these increases has been a reduction in 
how long children sleep, 45 raising the question of a 
link. 6 

Several recent reviews have now shown a relatively 
consistent relation between shorter sleep duration and 
increased risk of overweight in childhood, particularly 



in younger children. 7 11 Most included studies were 
cross sectional, with eight recent prospective 
studies. 12 " 19 While these studies offer interesting 
insights into the potential of sleep to influence body 
weight during growth, several questions remain. No 
longitudinal studies to date have used objective mea- 
sures of sleep duration, 10 which might be important 
given the questionable validity of parental reports of 
sleep in young children. 8 In addition, sleep duration 
might not be stable over time, 10 and only some studies 
have undertaken repeated observations. 12 15 17 19 Given 
the myriad factors that have been implicated in the 
development of overweight, adjustment for important 
confounders — including parental size, physical activ- 
ity, dietary intake, and particularly earlier weight sta- 
tus — is critical, yet has not always been undertaken. 

To date, it is uncertain what changes in body compo- 
sition (fat mass and fat free mass) accompany the 
increases in body weight observed with decreased 
sleep duration as virtually all studies have used body 
mass index (BMI) as the primary outcome. Determin- 
ing how body composition differs in children with 
varying sleeping patterns could help to elucidate the 
mechanisms whereby sleep affects body 
composition. 20 Although several cross sectional studies 
have shown that sleep is negatively associated with 
body fat, 1 ' 21 " 24 the potential for reverse causality can- 
not be excluded. Furthermore, most studies have used 
skinfold estimates of body fat, 1 7 22 24 which might not be 
valid in individual children. 25 We determined the rela- 
tion between serial measures of sleep and subsequent 
body composition in young children, obtained using 
objective measures of sleep duration and physical 
activity, adjusted for multiple confounders. 

METHODS 

Participants 

The Family Lifestyle, Activity, Movement and Eating 
(FLAME) study is a longitudinal cohort observational 
study designed to examine factors in early childhood 
that could contribute to the development of over- 
weight and obesity. The study has been described in 
full elsewhere. 26 Briefly, children were recruited just 
before their 3rd birthday from a cohort born at 
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Queen Mary Maternity Unit, Dunedin, the only mater- 
nity hospital serving the city of Dunedin, New Zeal- 
and. All children born between 19 July 2001 and 19 
January 2002 and still living in Denedin were eligible. 
Children were excluded if they were premature (<37 
completed weeks' gestation), one of a multiple birth, 
had major congenital abnormalities, if the mother 
had had severe postnatal illness, or if the family was 
unlikely to be living locally for the next two years. 
After exclusions, 413 children were eligible and 244 
(44% girls) participated (59% response rate). The chil- 
dren were white (83%), with Maori (1 1%), Pacific Islan- 
ders (4%), and other ethnicities (3%), reflecting the 
wider Otago population (Statistics New Zealand, 
2001). 

Data collection 

Between the ages of 3 and 7 children were seen every 
six months at university research clinics. Data used in 
these analyses were obtained from the annual mea- 
sures at ages 3 to 7, inclusive. Measures of the main 
outcome variables — anthropometry and body compo- 
sition (bioelectrical impedance) — were obtained every 
year. Diet and accelerometry (sleep and physical activ- 
ity) were assessed only at ages 3, 4, and 5. Because of 
potential limitations in the use of bioimpedance to 
assess body composition in young children, we also 
used dual energy x ray absorptiometry (DXA) when 
the children were aged 5 and 7. These scans were not 
considered suitable for children aged 3. Weight was 
measured twice in children (in light clothing and with 
shoes removed) with electronic scales (Toledo) to the 
nearest 0. 1 kg. Height was measured in duplicate to the 
nearest 0. 1 cm with an electronic wall mounted stadi- 
ometer (Heightronic; QuickMedical, Northbend, 
WA) . We measured body mass index (BMI) and calcu- 
lated BMI z scores using reference data from the Uni- 
ted States. 27 Duplicate measures of body composition 
were obtained from bioelectrical impedance by using 
an RJL Quantum II Bioelectrical Impedance Analyzer 
(RJL Systems, Michigan) with standard procedures. 
Total body water was calculated as 1.291+0.411 H 2 / 
R+0.139 W+0.166A-0.973 (Tanner stage 1)+0.641 
(male), where H 2 /R equals height (cm)Vresistance, W 
is weight (kg), and A is age (years), 28 and converted to 
fat free mass (FFM) with age and sex specific hydration 
constants 29 by using the equation FFM=TBW/con- 
stant. Fat mass (FM) was calculated as weight (kg) 
-FFM (kg). DXA (Lunar DPX-L scanner, software 
package 4.7, Lunar Corporation, Madison, WI) mea- 
sures of body composition were also obtained at ages 5 
and 7 by using standard procedures. 30 We derived fat 
mass index (FMI, fat mass (kg)/height (m) 2 ) and fat free 
mass index (FFMI, fat free mass (kg)/height (m) 2 ) from 
these measures. 

Sleep duration and physical activity were measured 
with Mini-Mitter (Bend, OR) omnidirectional Actical 
accelerometers attached by belts to the waist. 31 Parents 
were instructed to keep the monitors on the children at 
all times for five consecutive days, including two week- 
end days. We chose time periods of 15 seconds to 



capture both low intensity and brief intermittent 
activity. 32 Parents completed an activity log describing 
when the children went to bed, went to sleep, and woke 
up each day of measurement. Sleep duration was calcu- 
lated by visual inspection of each individual actogram 
in conjunction with the parents' recorded activity logs. 
The potential sleep time included the period from the 
recorded bedtime to the rise time, as recommended by 
the American Academy of Sleep Medicine. 33 The time 
of onset of sleep was defined as the first of three conse- 
cutive minutes in which there was no activity count 
over 50 for an individual minute after the reported bed- 
time. The end time was defined as the last of five con- 
secutive minutes in which there was no activity count 
over 50 before the reported rise time. Sleep duration 
was the time from sleep onset to sleep end time. To 
allow for small inaccuracies in times reported by the 
parents, we also inspected the 30 minutes before the 
reported bedtime and after the rise time. Accelerome- 
try activity counts were analysed for 24 hour periods 
and we used raw activity count data, expressed as 
mean count per minute, for analyses. 

Parental weight and height were measured at base- 
line in all mothers and most (82%) fathers. Estimates 
were obtained for the remaining fathers from measure- 
ments conducted at home (9%) or provided from the 
child's mother (9%). Maternal education, ethnicity, 
and income (which had six categories) were assessed 
with questions adapted from those used in the New 
Zealand Census (Statistics New Zealand, 2001). Birth 
weight was obtained from hospital records. Mothers 
reported whether they had smoked during the preg- 
nancy and the average number of cigarettes a day, as 
well as the number of hours a day of television viewed 
by their child. 26 Dietary intake was assessed over two 
weekdays and one weekend day at each time point (at 
ages 3, 4, and 5) with a validated short questionnaire 
that recalled the previous days' intake of food and 
drink. 34 Food variables used in this analysis included 
fruit and vegetable intake and intake of non-core foods 
(sweet beverages, cakes and biscuits, sweets and cho- 
colate, pies and pastries, pizza, and fast foods). 

Statistical analyses 

Cross sectional analyses — We used a mixed model with 
random effects for participant and age to examine the 
association between BMI and sleep at ages 3, 4, and 5 
simultaneously. Other variables included in the mod- 
els because of known associations with BMI in children 
were age, sex, maternal education and income, 
mother's BMI, birth weight, smoking in pregnancy, 
and ethnicity. We also included behavioural variables 
collected at ages 3, 4, and 5 (sleep, physical activity, 
television viewing, non-core food intake, and fruit 
and vegetable intake). Two variables were formed for 
the variables that were measured repeatedly over time; 
a "between person" effect or the average for each per- 
son, and a "within person" effect, using the difference 
between the observed values and the average value for 
each person. 35 The average counts for physical activity 
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Table 1 1 Characteristics of children in s 


tudy at each time point. Figures are means (SD) unless stated otherwise 
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7 (n=202) 


No (%) female 


107 (44) 


102 (43) 


99 (44) 


86 (43) 


86 (43) 


Height (cm) 


95.5 (3.7) 


102.9 (4.0) 


110.0 (4.4) 


115.9(4.8) 


122.1 (5.2) 


Height z score 


0.17 (0.94) 


0.31 (0.94) 


0.35 (0.93) 


0.17 (0.94) 


0.08 (0.95) 


Weight (kg) 


15.7 (1.9) 


17.8 (2.2) 


20.0 (2.5) 


22.2 (2.9) 


25.0 (3.7) 


Weight 2 score 


0.73 (0.93) 


0.70 (0.88) 


0.57 (0.82) 


0.43 (0.84) 


0.41 (0.87) 


BMI 


17.1 (1.3) 


16.8 (1.3) 


16.5 (1.4) 


16.5 (1.5) 


16.7 (1.8) 


BMI z score 


0.87 (0.85) 


0.87 (0.84) 


0.72 (0.79) 


0.62 (0.73) 


0.56 (0.74) 



were standardised to have a mean of 0 and a standard 
deviation of 1 before combination. 

Longitudinal analyses — We used multiple regression 
models to examine the association between BMI, fat 
mass index, and fat free mass index at age 7 and the 
average of the sleep measures from age 3 to 5. The 
models included the same variables used in the cross 
sectional analyses described above, except for the 
"within person" variables. We used models that 
excluded or included measures of BMI, fat mass 
index, and fat free mass index at age 3. This enabled 
the examination of the effect of sleep on BMI at age 7 
(when BMI at age 3 was excluded) and change in BMI 
from age 3 to 7 (when BMI at age 3 was included). 

Software — Data were analysed with ST ATA 11.1 
(Stata Corporation 2010, College Station, TX). The 
residuals were examined to assess the fit of the models. 

RESULTS 

Table 1 presents the characteristics of the study sample 
at each measurement point. Retention was good, with 
83% of participants seen at age 7. The remaining parti- 
cipants either left town or did not want to continue to 
take part. Mean BMI z score declined over time, and 
fewer children were classified as overweight (BMI 
>85th centile) at age 7 than at age 3 (40% v 28% in 
girls (K0.001) and 42% v 22% in boys (K0.001)). 
Children who were present at follow-up (n=202) and 
children who had dropped out (n=42), however, did 
not differ in BMI z score (0.88 (SD 0.91) v 0.86 (SD 
0.83), P=0.886) or sex distribution (43% boys v 49% 
girls, P=0.279) at baseline. 

Mean sleep duration was about 1 1 hours a day at all 
three ages (table 2). As expected, the reported time in 
bed was greater than the duration of sleep measured 
objectively by accelerometry by a mean difference of 
21 minutes (95% confidence interval 15 to 28) at age 3, 
19 (14 to 24) minutes at age 4, and 19 (16 to 23) minutes 
at age 5. At age 3, 131 (57%) children had at least one 
daytime nap during the five days of monitoring, falling 
to 34 (16%) children at age 4 and none at age 5. No 
difference was seen in total sleep duration between 
those who did or did not nap at either age (P=0.24 at 
age 3 and P=0.68 at age 4). The intraclass correlation 
for repeated measures of sleep (accelerometry) was 
0.36 (0.27 to 0.45), resulting in a reliability of 0.60 for 
the mean of the three sleep measures. 



Cross sectional analyses 

Table 3 presents the models for the cross sectional 
association between sleep and BMI for both univariate 
and multivariate models. We have not presented the 
estimates for the "within person" component for 
sleep and the other measures as they were small and 
not significant. In the univariate analyses, maternal 
BMI, ethnicity, smoking during pregnancy, and the 
intake of non-core foods were all positively associated 
with BMI. In particular, being of Maori descent and 
maternal smoking during pregnancy were associated 
with large differences in BMI from age 3 to 5 (0.89 
and 1.22, respectively). Each additional hour of sleep 
was associated with a 0.38 (0.07 to 0.70) reduction in 
BMI. Adjustment for maternal and birth factors (model 
2) did not substantially change the estimate (-0.37). 
Further adjustment for dietary intake and physical 
activity and inactivity, however, weakened the relation 
between sleep and BMI (-0.25, -0.56 to 0.06). 

Longitudinal analyses 

Table 4 presents the models for the longitudinal asso- 
ciation between sleep and BMI at age 7. Data are pre- 
sented with and without BMI at age 3 to examine the 
effect of sleep from age 3 to 5 on BMI at age 7 and in 
change in BMI from age 3 to 7. Associations were simi- 
lar to those seen in the cross sectional univariate mod- 
els, with the addition of maternal education as a strong 
negative predictor of BMI at age 7. A difference of one 
hour's sleep per night between ages 3 and 5 was asso- 
ciated with a 0.56 (0.07 to 1 .06) reduction in BMI. The 
difference in BMI after adjustment for birth and mater- 
nal factors was negligible (-0.49, -0.97 to -0.02). 
Further adjustment for diet and activity did not change 
the estimate (-0.48) but produced wider confidence 
intervals (-0.96 to 0.01), resulting in a non-significant 



Table 2 1 Mean (SD) sleep and physical activity in children at 
ages 3, 4, and 5 






Age (years) 






3 (n=229) 


4 (n=206) 


5(n=198) 


Time in bed* (hours) 


11.4 (0.7) 


11.3 (0.7) 


11.4(0.6) 


Sleep (hours/day)t 


11.1 (0.7) 


11.0 (0.6) 


11.1 (0.6) 


Average accelerometry 
counts/mint 


467 (146) 


293 (116) 


284 (126) 


*Data obtained from questionnaire. 
fData obtained from accelerometry. 
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Table 3 1 Models for cross sectional association between body mass index (BMI) and sleep at ages 3, 4 and 5. Figures are estimates for change in BMI 
associated with 1 unit change in independent variables (univariate model) and adjusted for other variables (multivariate models) 




Univariate model 


Multivariate model 1 


Multivariate model 2 


Multivariate model 3 




-0.11 (-0.16 to -0.08)* 


-0.32 (-0.38 to -0.27)* 


-0.33 (-0.38 to -0.27)* 


-0.33 (-0.39 to -0.28)* 


Sex (male) 


0.24 (-0.08 to 0.57) 


0.13 (-0.21 to 0.46) 


0.07 (-0.25 to 0.38) 


0.04 (-0.28 to 0.37) 


Maternal Education (high) 


-0.18 (-0.51 to 0.16) 




-0.00 (-0.34 to 0.33) 


-0.03 (-0.38 to 0.32) 


Maternal BMI 


0.03 (0.00 to 0.06)* 




0.03 (-0.00 to 0.06) 


0.03 (-0.00 to 0.05) 


Income (6 categories) 


-0.10 (-0.21 to 0.00) 




-0.04 (-0.15 to 0.07) 


0.03 (-0.14 to 0.08) 


Ethnicity (Maori) j" 


1.22 (0.72 to 1.73)* 




0.97 (0.46 to 1.47)* 


0.95 (0.44 to 1.45)* 


Ethnicity (Pacific)t 


0.16 (-0.68 to 0.99) 




-0.47 (-1.34 to 0.39) 


-0.43 (-1.32 to 0.47) 


Birth weight (kg) 


0.12 (-0.23 to 0.47) 




0.32 (-0.03 to 0.67) 


0.32 (-0.04 to 0.68) 


Smoking during pregnancy (yes) 


0.89 (0.50 to 1.28)* 




0.82 (0.41 to 1.23)* 


0.79 (0.38 to 1.21)* 


Physical activity (1 SD counts/min) 


0.06 (-0.16 to 0.28) 






-0.02 (-0.24 to 0.20) 


TV viewing (hours/day) 


0.21 (-0.00 to 0.43) 






0.11 (-0.11 to 0.32) 


Fruit-vegetable intake (servings/day) 


0.05 (-0.08 to 0.17) 






0.09 (-0.03 to 0.22) 


Non-core foods intake (servings/day) 


0.14(0.00 to 0.29)* 






0.03 (-0.11 to 0.18) 


Sleep (hours/day) 


-0.38 (-0.70 to -0.07)* 


-0.37 (-0.69 to -0.05)* 


-0.24 (-0.55 to 0.10) 


-0.25 (-0.56 to 0.06) 


*P<0.05. 

fReference group was New Zealand European and others. 



effect of sleep on BMI at age 7 (P=0.053). Table 4 
further shows that for each additional hour of sleep, 
change in BMI from age 3 to 7 is reduced by 0.39 
(0.06 to 0.72). 

Greater amounts of sleep also significantly influ- 
enced the risk of being overweight (BMI >85th 
centile) 27 at age 7; each additional hour of sleep 
reduced the risk of being overweight by 0.39 (0.24 to 
0.63), after adjustment for the same confounders as 
used in table 4. Addition of the presence of overweight 
at age 3 made little difference to the reduced risk (0.44, 
0.29 to 0.67). 

Table 5 shows the associations between fat mass 
index and fat free mass index and sleep, again with 
both indexes at age 3 included and excluded from the 
models. Each additional hour of sleep reduced the 
adjusted fat mass index by 0.43 (0.03 to 0.82; model 
1) at age 7 and by 0.48 (0.10 to 0.86) for the change 
from age 3 to 7 (model 2). Maternal education was 
negatively associated with higher fat mass index at 
age 7, and birth weight and smoking during pregnancy 
positively associated. Although more sleep was asso- 
ciated with a considerably smaller reduction in fat 
free mass index, this relation was not apparent once 
we adjusted for fat free mass index at age 3. 

DISCUSSION 

Young children who sleep less have a significantly 
increased risk of having a higher BMI in middle child- 
hood, even after adjustment for multiple risk factors 
that have been implicated in regulation of body weight. 
Each additional hour of sleep per night at ages 3 to 5 is 
associated with a reduction in BMI of 0.49 at age 7. In a 
child of median height, this corresponds to a difference 
of 0.7 kg body weight. 27 While this might seem minor 
at an individual level, the benefits for public health, if 
applied at the population level are considerable. 36 A 
shift in the population distribution for BMI implies a 



reduction in the occurrence of the extreme values or 
the prevalence of overweight. Our study shows a 61% 
reduction in the risk of being overweight or obese at 
age 7 for each extra hour of sleep. Perhaps more impor- 
tantly, these differences in body weight are explained 
by an increased deposition of fat mass, with little differ- 
ence in fat free mass between children with varying 
amounts of sleep. 

Strengths and limitations 

The strengths of our study include the reasonable 
retention rates over time, the objective measurement 
of sleep and physical activity on multiple days by using 
accelerometry, obtaining repeated measures of major 
variables including sleep at each time point, and adjust- 
ment for multiple confounders. We could not find any 
other prospective studies that used actigraphy to esti- 
mate sleep duration, despite concerns that parental 
estimates of sleep time obtained by questionnaire 
might be less accurate in older children than in infants 
and toddlers. 37 Use of self reports (or parental proxy for 
children) of sleep duration can be further complicated 
by the observation that they might be systematically 
biased with regard to important confounders for 
obesity. 10 The reliability and stability of estimates of 
sleep is also an issue. 38 Estimates of reliability for one 
day of measurement are only 0.21-0.51 in children 
aged 3-5 but increase to acceptable levels with five 
days of measurement, 39 as shown by our study. How 
stable estimates of sleep are over time in growing chil- 
dren is also not well understood, but measures should 
not be assumed to be stable on the basis of adult data. 10 
Others report a correlation of ?=0.53 in 9 year old chil- 
dren followed up two years later, 40 which is higher than 
we observed (?=0.30, P<0.001). The reliability of acti- 
graphy measures of sleep, however, seem to be lower 
in 3 year olds compared with older children. 39 Thus 
studies that obtain a single estimate of sleep time, 
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Table 4 1 Models for longitudinal association between body mass index (BMI) at age 7 and sleep and physical activity averaged over ages 3, A, and 5. 
Figures are estimates for change in BMI associated with 1 unit change in independent variables (univariate model) and adjusted for all other variables 
(multivariate models). 





Univariate model 


Multivariate model 1 


Multivariate model 2 


Multivariate model 3 


BMI at age 3 


0.99 (0.86 to 1.12)* 








0.94(0.81 to 1.07)* 


Sex (male) 


-0.40 (-0.89 to 0.09) 


-0.53(-0.99to -0.07)* 


-0.55 (-1.01 to -0.08)* 


-0.75 (-1.08 to -0.44)* 


Maternal education (high) 


-0.52 (-1.02 to -0.02)* 


-0.27 (-0.78 to 0.23) 


-0.28 (-0.80 to 0.25) 


-0.17 (-0.53 to 0.18) 


Maternal BMI 


0.06 (0.02 to 0.11)* 


0.05 (0.00 to 0.09)* 


0.05 (0.01 to 0.09)* 


0.03 (0.00 to 0.06)* 


Income (6 categories) 


-0.10 (-0.26 to 0.06) 


0.00 (-0.16 to 0.16) 


0.02 (-0.15 to 0.19) 


0.00 (-0.11 to 0.12) 


Ethnicity (Maori)t 


1.51 (0.71 to 2.31)* 


1.27 (0.50 to 2.04)* 


1.23 (0.45 to 2.02)* 


0.45 (-0.10 to 1.00) 


Ethnicity (PacificJt 


0.43 (-0.91 to 1.77) 


-0.75 (-2.08 to 0.58) 


-0.88 (-2.25 to 0.49) 


-0.33 (-1.27 to 0.62) 


Birth weight (kg) 


0.39 (-0.15 to 0.93) 


0.68 (0.15 to 1.22)* 


0.68 (0.13 to 1.22)* 


0.32 (-0.05 to 0.70) 


Smoking during pregnancy (yes) 


1.12 (0.51 to 1.72)* 


0.91 (0.28 to 1.54)* 


0.88 (0.25 to 1.52)* 


0.17 (-0.27 to 0.62) 


Physical activity (1 SD counts/min) 


0.22 (-0.12 to 0.55) 




0.06 (-0.27 to 0.38) 


0.12 (-0.11 to 0.34) 


TV viewing (hours/day) 


0.29 (-0.03 to 0.61) 




0.16 (-0.16 to 0.48) 


0.01 (-0.21 to 0.22) 


Fruit-vegetable intake (servings/day) 


-0.04 (-0.23 to 0.14) 




0.06 (-0.12 to 0.24) 


-0.03 (-0.15 to 0.09) 


Non-core foods intake (servings/day) 


0.19 (-0.03 to 0.41) 




0.05 (-0.17 to 0.27) 


-0.00 (-0.15 to 0.15) 


Sleep (hours/day) 


-0.56 (-1.06 to -0.07)* 


-0.49 (-0.97 to -0.02)* 


-0.48 (-0.96 to 0.01) 


-0.39 (-0.72 to -0.06)* 



*P<0.05. 

fReference group was New Zealand European and others. 



even if prospectively based, might yield biased esti- 
mates. The limitations of our study include the rela- 
tively small sample size and perhaps our placement 
of the accelerometers. Assessment of sleep-wake pat- 
terns with accelerometry typically uses the wrist (or 
ankle in infants) as the measurement site, 41 whereas 
placement on the hip is recommended for assessing 
physical activity. 42 Use of these two sites can produce 
different estimates of physical activity. 4243 We do not 
think that this impacts on our data, however, given that 
the trunk remained the sole measurement site through- 
out the study. Furthermore, it has also been shown that 
placement at the trunk provides similar detection of 
sleep-wake patterns as wrist actigraphy and might 
even reduce the motion artefacts associated with 
using the wrist as the measurement site for sleep. 44 

Comparison with other studies 

Our BMI findings are broadly concordant with the lit- 
erature in terms of the magnitude of differences 
between children with varying sleeping patterns, 
though direct comparisons are difficult given the 
mixed ages studied and the different methods of analy- 
sis. Estimates have ranged from a difference of 0.16 
BMI z score units at age 3 17 to differences of 0.75 
between groups in children aged 8-15. 16 These differ- 
ences in BMI extend into adult life; for every hour less 
sleep at ages 5-11, BMI was 0.93 higher at age 32. 19 
Several longitudinal studies have also reported a 
reduced risk of overweight or obesity in children with 
greater sleep duration (relative risk 0.65-0.80) 15 19 or 
conversely a greater odds of being overweight with 
reduced sleep (odds ratio 1.5-2.0). 14 17 

Our longitudinal study examined differences in 
body composition according to sleep duration during 
growth periods. Three cross sectional studies 172224 
have shown that children with less sleep have a higher 
proportion of body fat, though estimates were obtained 



with only a minimal number of skinfold thicknesses, 
presented either as raw data 17 or converted to percen- 
tage body fat values. 2224 The three cross sectional stu- 
dies with more accurate measures of body fat have had 
inconsistent findings. 212345 Although Hitze et al 
observed no effect of sleep on the risk of having high 
body fat, 23 and Yu et al 21 reported minimal effects in 
females only, others 45 have shown markedly reduced 
odds ratios (0.42, 0.24 to 0.76) with a difference in 
sleeping of at least 90 minutes a night in a much larger 
sample. These discrepancies in findings might be at 
least partly attributable to age. The latter study was 
undertaken in young children, 45 for whom the relations 
between sleep and body weight seem to be more 
consistent. 8 10 Our study shows that children who 
sleep less gain significantly more fat mass over time, 
with little difference in lean mass deposition. These 
differences remain even after adjustment for multiple 
determinants of body composition during growth. 

Proposed mechanisms 

Proposed mechanisms explaining the obesogenic 
effect of shortened sleep include behavioural and hor- 
monal factors. Reduced sleep might increase dietary 
intake purely through increased eating in the absence 
of hunger, particularly snacking, or because of more 
time being available to eat, 46 or alternatively, via 
more complex hormonal regulation. Experimental 
studies have shown that sleep deprivation decreases 
leptin and increases ghrelin concentrations, with con- 
comitant increases in appetite. 947 Sleep deprivation 
can also influence energy expenditure, through fatigue 
leading to reduced voluntary exercise or perhaps by 
influencing thermoregulation. 46 

Unanswered questions and future research 

In conclusion, it seems that sleep is an important deter- 
minant of future body composition in young children. 
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Table 5 1 Models for longitudinal association between fat mass index (FMI) or fat free mass index (FFMI) at age 7 and sleep and physical activity averaged 
over ages 3, A, and 5. Figures are estimates for change in FMI and FFMI associated with 1 unit change in independent variables (univariate model) and 
adjusted for all other variables (multivariate models) 





Change in FMI 


Change in FFMI 




Multivariate model 1 


Multivariate model 2 


Multivariate model 1 


Multivariate model 2 


FMI or FFMI at age 3 




0.46(0.24 to 0.68)* 




0.42 (0.31 to 0.52) 


Sex (male) 


-0.92 (-1.32 to -0.51)* 


-0.36 (-0.83 to 0.12) 


0.33 (0.12 to 0.54)* 


-0.25 (-0.49 to -0.00)* 


Maternal education (high) 


-0.63 (-1.06 to -0.18)* 


-0.61 (-1.03 to -0.18)* 


0.06 (-0.17 to 0.28) 


0.07 (-0.13 to 0.27) 


Maternal BMI 


0.00 (-0.03 to 0.04) 


-0.00 (-0.04 to 0.03) 


0.02 (0.00 to 0.04)* 


0.02 (0.00 to 0.03)* 


Income (6 categories) 


0.09 (-0.05 to 0.23) 


0.11 (-0.03 to 0.24) 


0.05 (-0.02 to 0.12) 


0.06 (-0.01 to 0.12) 


Ethnicity (Maori) 


0.51 (-0.14 to 1.16) 


0.15 (-0.49 to 0.79) 


0.41 (0.08 to 0.75)* 


0.25 (-0.05 to 0.56) 


Ethnicity (Pacific) 


0.06 (-1.07 to 1.20) 


0.01 (-1.08 to 1.10) 


0.28 (-0.31 to 0.86) 


0.50 (-0.02 to 1.01) 


Birth weight (kg) 


0.49 (0.03 to 0.95)* 


0.41 (-0.03 to 0.85) 


0.13 (-0.10 to 0.37) 


0.09 (-0.12 to 0.29) 


Smoking during pregnancy (yes) 


0.62 (0.10 to 1.16)* 


0.48 (-0.04 to 0.99) 


0.24 (-0.03 to 0.52) 


0.07 (-0.18 to 0.31) 


Physical activity (1 SD counts/min) 


-0.17 (-0.44 to 0.11) 


-0.12 (-0.39 to 0.15) 


-0.02 (-0.16 to 0.12) 


-0.04 (-0.16 to 0.09) 


TV viewing (hours/day) 


0.18 (-0.09 to 0.45) 


0.13 (-0.14 to 0.40) 


-0.02 (-0.16 to 0.12) 


-0.02 (-0.15 to 0.11) 


Fruit-vegetable intake (servings/day) 


0.04 (-0.12 to 0.19) 


0.01 (-0.14 to 0.16) 


0.09 (0.01 to 0.17)* 


0.08 (0.00 to 0.14)* 


Non-core foods intake (servings/day) 


-0.11 (-0.29 to 0.07) 


-0.09 (-0.27 to 0.09) 


0.02 (-0.07 to 0.12) 


-0.01 (-0.09 to 0.08) 


Sleep (hours/day) 


-0.43 (-0.82 to -0.03)* 


-0.48 (-0.86 to -0.10)* 


-0.21 (-0.41 to -0.00)* 


-0.11 (-0.29 to 0.07) 


*P<0.05. 

fReference group was New Zealand European and others. 



Youngsters who sleep less are more likely to be over- 
weight, with high body fat values, even after adjust- 
ment for lifestyle variables that can also influence 
body weight. The temporal relation between sleep 
and later body weight suggests that the association is 
causal, though, in common with all naturalistic studies, 
unrecognised or non-observed sources of confounding 
might not have been taken into account. Nevertheless, 
appropriate sleep habits should be encouraged in all 
children as an appropriate public health measure. Tar- 
gets for appropriate hours of sleep for children of dif- 
ferent ages have been suggested and could be used as a 
starting point for interacting with children and their 
parents. 48 Whether changes in sleep habits have the 
ability to causally affect body weight remains to be 
seen, 10 but it is a topic of immense interest. Future inter- 
ventions are needed to determine whether more sleep 
or better sleeping patterns impact favourably on body 
weight and other health outcomes. 



WHAT IS ALREADY KNOWN ON THIS TOPIC 

Although reduced sleep has been consistently associated with higher body weight in 
children, current longitudinal studies have been limited by not having repeated objective 
measures of sleep or physical activity, and adjustment for confounding variables has been 
mixed 

No longitudinal studies have determined whether reduced sleep during growth is associated 
with changes in the deposition of fat mass and fat free mass 

WHAT THIS STUDY ADDS 



The relation between reduced sleep and greater subsequent BMI remains strong even after 
adjustment for multiple confounders (physical activity/inactivity, diet, birth weight, and 
maternal factors including BMI, education, and smoking during pregnancy) 

This higher BMI is because of a greater deposition of body fat rather than differences in the 
accumulation of fat free mass 
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